prominent health concern in the United States and around the world. In 2013 more than one-third of the US population had some form of CVD (Mozaffarian et al. 2016) . Age-related changes in vascular and myocardial function, even in the absence of pathology, contribute to CVD. Indeed, ageing is accompanied by stiffening of the central elastic arteries (aorta, carotids), reduced vascular endothelial function and therefore vasodilatory capacity, and alterations in left ventricular systolic and diastolic function. Such alterations in vascular and myocardial function have been linked to heart failure, a condition that can reduce quality of life, physical and cognitive function, and ultimately lead to death.
Reduced left ventricular function is a primary concern with heart failure in older populations. Approximately 5% of asymptomatic individuals with heart failure have systolic dysfunction, while 36% experience diastolic dysfunction (Mozaffarian et al. 2016) . Paradoxically, heart failure patients with preserved ejection fraction (HFpEF), a measure of systolic function, have even greater rates of diastolic dysfunction than heart failure patients with reduced ejection fraction. Interventions aimed at improving cardiac function in patients with HFpEF, such as exercise, have led to improved health outcomes (physical and cognitive function, exercise capacity, reduced rates of dementia). The mechanism responsible for improved diastolic function in patients with HFpEF following exercise training is currently unknown.
Diastolic dysfunction in patients with heart failure may be related to reduced coronary blood flow. Ventricular relaxation is an energetic process, and thus ischaemia or impaired substrate delivery stemming from coronary microvascular dysfunction may play a critical role in the development of diastolic dysfunction. In a recent article from The Journal of Physiology, Hotta and colleagues designed an eloquent study to examine age-related arterial stiffness, endothelial function, coronary blood flow, and cardiac function in Fischer 344 rats (Hotta et al. 2017) . The effect of age on coronary microvascular and diastolic dysfunction was explored using young and old rats that were sedentary (YSED and OSED, respectively) or exercise-trained (10 weeks of treadmill running; YET and OET, respectively). Their findings suggest that age-related endothelial dysfunction reduces coronary blood flow and functional hyperaemia to precipitate diastolic dysfunction.
Impact of ageing

Microvascular
function. Coronary microvascular dysfunction was assessed as coronary blood flow to the right ventricular free wall and to the endocardium and epicardium of the left ventricular free wall. Blood flow was measured using radiolabelled microsphere infusion into the bloodstream. Quantification of radiolabelled microspheres in the blood and excised myocardial tissue samples obtained at rest and during exercise provided a marker of blood flow to specific myocardial sites. OSED rats had significantly reduced left and right ventricular wall blood flow at rest and during exercise compared with YSED rats. To explain the reduced coronary blood flow, vasodilatory capacity was assessed using harvested coronary resistance arterioles from the left anterior descending coronaries and measuring the dose-response relationship to bradykinin administration (10 −13 -10 −7 M), an endothelium-dependent vasodilator. The vasodilatory response to bradykinin was significantly less in OSED than YSED rats (56.4 ± 5.1% vs. 75.3 ± 5.2% maximal relaxation). These results revealed that coronary microvascular function was impaired in older rats such that blunted vasodilatation resulted in drastically reduced myocardial blood flow.
Diastolic function. Two markers of diastolic function were examined: (1) isovolumetric relaxation time (IVRT), a load-independent measure of active relaxation; and, (2) the ratio of early mitral inflow velocity to peak atrial contraction mitral inflow velocity (E/A), a measure of passive ventricular relaxation. OSED rats had prolonged IVRT compared to their younger counterparts (42.00 ± 0.84 vs. 29.56 ± 1.63 ms, respectively), and IVRT continued to increase in OSED rats throughout the 10-week intervention. E/A was significantly reduced in OSED compared with YSED (0.64 ± 0.05 vs. 1.75 ± 0.09, respectively), but E/A was not further reduced in response to 10 weeks of sedentary cage confinement. These data indicate significant diastolic dysfunction in OSED rats compared with YSED rats.
Impact of exercise training
Microvascular function. OET rats did not exhibit a difference in resting right ventricular wall coronary blood flow from OSED; however, exercise blood flow was augmented compared to OSED rats. Furthermore, exercise blood flow to the right wall in OET rats was not different from that of YSED or YET rats. Both resting and exercise blood flow to the left ventricular free wall, however, were increased in OET rats compared with OSED. Increased blood flow following training may be related to increased responsiveness and sensitivity of the aged coronary vessels to bradykinin. Exercise increased vasodilatation in OET rats to levels equivalent to that of YET rats. Thus, exercise training may improve coronary endothelial function and augment myocardial blood flow.
Diastolic function. Following exercise training, IVRT was reduced in older rats, whereas no change was observed between the YSED or YET rats. Furthermore, IVRT was similar between OET, YET, and YSED rats. The E/A ratio was greater in OET rats compared with OSED rats, though OET rats still had lower E/A ratios than YSED and YET rats. Therefore, diastolic function was increased in older rats after undergoing 10 weeks of exercise training. Hotta et al. (2017) propose a temporal mechanism through which reduced coronary endothelium-dependent vasodilatation, a measure of microvascular dysfunction, precedes active (IVRT) and passive (E/A) diastolic dysfunction in Journal Club J Physiol 595.17 aged rats, presumably due to reduced myocardial blood delivery. Hotta et al. (2017) take an important first step in understanding the cause of HFpEF-related diastolic dysfunction by highlighting the potential role of coronary resistance arteriole dysfunction. Caution is warranted, however, when applying these results to humans. Rats examined herein were free of heart failure comorbidities. Humans with HFpEF often have a high non-cardiac comorbidity burden (hypertension, obesity and diabetes). Comorbidities may further alter vascular function; thus, followup studies utilizing animals with common HFpEF comorbidities are needed. Additionally, the endothelium-dependent vasodilatation tests performed by Hotta and colleagues (2017) were performed on excised coronary resistance arterioles. Tissues examined outside of the normally occurring environment may behave differently compared to when they are intact. Therefore, research should aim to replicate the findings of Hotta and colleagues (2017) 
Interpretation and conclusions
in vivo.
While Hotta et al. (2017) suggest that exercise training improves endothelial function, thereby increasing blood flow to the myocardium and increasing ventricular function, this may not be the only mechanism at play. Hotta and colleagues (2017) measured aortic stiffness using Doppler ultrasound at the aortic arch and abdominal aorta to obtain pulse wave velocity (PWV), and found stiffness was similar between YET, YSED, and OET rats but was significantly elevated in OSED rats. Vascular stiffness may alter myocardial perfusion through wave reflections. While wave reflections from the periphery typically return to the myocardium during early diastole, increasing myocardial perfusion via augmented perfusion pressure, wave reflections travel faster in a stiff artery and arrive during mid-to-late systole. This vascular stiffness-mediated shift in wave reflection arrival concomitantly increases myocardial work and reduces coronary perfusion pressure (Avolio et al. 2009 ). Furthermore, the early transmission of reflected waves to the myocardium is inversely associated with IVRT (Chang et al. 1994) . This may help explain why Hotta et al. (2017) found decreased IVRT following training, as reduced aortic stiffness would allow reflected waves to reach the myocardium during diastole instead of systole. Mid-to-late systolic wave reflections also increase wasted left ventricular effort and afterload, which adversely affect ventricular function (Avolio et al. 2009 ). Pathological remodelling of the left ventricle may occur to compensate for the increased afterload, thereby sacrificing normal ventricular function. Therefore, the reduced aortic stiffness observed by Hotta et al. (2017) may play a significant role in their results. Exercise-mediated reductions in aortic stiffness may improve the myocardial work-perfusion balance through reduced systolic wave reflections (less wasted myocardial work/afterload) and increased diastolic perfusion pressure (increased myocardial blood flow). With the advent of newer methods for assessing cardiac and vascular function non-invasively, understanding the mechanism of diastolic dysfunction development in heart failure in the human organism will be paramount. Currently, echocardiographic techniques allow for the assessment of cardiac function through wall motion analysis. Such a technique would allow for a more detailed examination of diastolic function than IVRT and E/A permit, and could provide information on localized changes in myocardial function. Combining a localized measure of myocardial function with a measure of coronary blood flow (i.e. coronary flow reserve) may allow researchers to study coronary vascular and myocardial function in humans. Since coronary flow reserve assessment is invasive, the non-invasive subendocardial viability ratio (SEVR), obtained via applanation tonometry, may instead be used to independently predict coronary flow reserve and assess coronary microcirculation (Tsiachris et al. 2012) .
In summary, Hotta et al. (2017) identified a potential mechanism by which endothelial dysfunction reduces coronary resistance arteriole function to result in diastolic dysfunction in ageing rodents, a process which can be reversed with exercise training. Currently, the causality of this mechanism remains speculative and follow-up studies exploring how comorbidities may influence this mechanism are needed. Replication in humans is necessary and may be facilitated using non-invasive measures of ventricular function (ultrasound) and coronary flow reserve (SEVR). Instead of searching for the fountain of youth, these results suggest people should perhaps look for the nearest treadmill.
